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The gas-solid catalytic reaction has a vital role in chemical engineering. While 
fluidized bed reactor gain grace for its excellent mass transfer and heat transfer 
efficiency. With the continually innovation and breakthrough of fluidized bed 
technology, more and more gas-solid catalytic reaction began to employ this new 
technology. But the multi-scale mass transfer and heat transfer are undeniable, they 
restrict the performance of the reactor and the further amplification, develop and 
optimization. Therefore it is with much significance to establish a multi-scale coupled 
model for describing the gas-solid catalytic fluidized bed. 
In this thesis, the particle model in mesoscopic level is firstly built based on 
reaction mechanism and literature. The analys is of a single particle’s catalytic reaction 
performance shows that the simulation result has a qualitatively agreement with 
experiment result. As the particle diameter decrease, the mass fraction gradient of all 
species decrease, too. The average reaction rate of reaction 1 is lower than the surface 
reaction rate, while the average reaction rate of reaction 2 is contrary. The reaction 
rate of reaction 2 increases with the increase of particle diameter abnormally due to 
the intro-particle heat transfer resistance. The comparison of Fick model and Wilke-
Bonsequet model indicates that the Knudsen diffusion has a minor influence. The 
analysis of simplified model shows that the model is sensitive to temperature, while 
it’s not to external diffusion.  
Then the particle model and Euler two-fluid model is coupled to build a multi-
scale model for gas-solid catalytic fluidized bed reactor model. The test and verify of 
the model assumption states the coupled model is effective. The fluidized bed is a 
typical bubble bed under the simulation condition, and the influence of diffusion is 
slight due to small particle diameter. The factor analysis of fluidized bed shows that 
inlet temperature has a maximum influence to reaction and particle diffusion 
resistance, while inlet gas velocity has a minimum influence to particle diffusion 
















inside fluidized bed reactor(e.g. 1-4%) and changes the reaction process in some way, 
but due to the self-stabilize effect of fluidized bed weaken the influence of diffusion 
resistance, it is not obvious. 
Lastly the above coupled model is combined with population balance model to 
build a more complete model for simulating the gas phase propylene polymerization. 
This complete model could take the particle diameter distribution and their changes 
into account. The study of growth kernel shows that the simulation result of coupled 
model and simple model do not have much difference due to the balance of the 
contribution of internal and external diffusion resistance. And this conclusion is 
further proved by the simulation of the propylene polymerize reactor. The factor 
analysis shows that the mass diffusion coefficient, thermal conductivity and initial 
particle diameter distribution do have a significant influence in particle growth and 
diameter distribution. The mass transfer coefficient and initial particle diameter have a 
greater influence in particle diameter distribution than thermal conductivity. This 
result indicates that the diffusion resistance is controlled by mass transfer and the 
limitation of particle diameter, but not thermal conductivity.  
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